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DEMODULATING LOGARITHMIC AMPLIFIER AND METHOD OF 



AMPLIFICATION 



FIELD OF THE INVENTION 

5 

This invention relates generally to demodulating logarithmic amplifiers, and, more 
particularly, to a multi-stage logarithmic amplifier of the "progressive-compression" 
type. 

10 

BACKGROUND OF THE INVENTION 
In order to maximize the network capacity and mobile terminal battery life, 
cellular telephones must accurately control the transmitted radio frequency (RF) 
power over a dynamic range of 30 dB or more. This is accomplished by controlling 

15 the power amplifier (PA) in the cellular telephone using a 'closed loop 5 method to 

continually adjust the gain control of the PA based on an integration of the error 
signal between a reference current, and a power detector (PD) output. The PD 
provides a current output that is a linear function of the input power. The operation of 
a logarithmic power detector (LPD) is based on a gain curve that is an approximation 

20 to the logarithm function. This 'logarithmic 5 approximation is generally accomplished 

through the amplification of an input voltage signal by a chain of limiting amplifiers. 
The output of each gain stage is then converted into a current, rectified, and summed 
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with the rectified outputs of the remaining stages. This forms the 'demodulated' 
output, in that the DC output current of the LPD is proportional to the logarithm of the 
signal envelope. This technique of generating the logarithmic gain function is known 
as 'successive compression' or 'progressive-compression'. Progressive-compression 
5 type logarithmic amplifiers synthesize a logarithmic function through progressive 

compression of the input signal over many amplifier stages. Each amplifier stage has 
a relatively low linear gain (typically two to four) up to some critical level. Above the 
critical level the incremental gain of the amplifier stage is reduced, and in some cases 
is zero. In demodulating logarithmic amplifiers, the input signal is typically an RF 
10 signal, and the output is a signal that is proportional to the logarithm of the input 

signal envelope. 

Referring now to FIG. 1, prior art demodulating logarithmic amplifiers typically 
include a number of serially coupled amplifier stages 14, a number of linear 
transconductance or voltage-to-current converter elements 16, and a number of full- 

15 wave rectifier cells 15. The transconductance stages are coupled to the output of each 

amplifier, as well as an initial, transconductance stage 1 6a coupled to the input of the 
first amplifier 14a. The output from each transconductance stage is input into a full- 
wave rectifier, and the output current from each rectifier is summed on a current bus 
18. This summed current is then converted from a current into a voltage by a resistor 

20 at the output 19. 

The challenge in utilizing the demodulating logarithmic amplifier in FIG. 1 as a 
logarithmic power detector in an application, such as a cellular handset, is that it must 
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operate predictably over a wide range of power amplifier (PA) carrier frequencies and 
output powers (s>50 dB dynamic range). For example, in a tri-mode GSM mobile 
station, the PA module must operate at carrier frequencies in the vicinities of 900 
MHz (GSM), 1.8 GHz (DCS), and 1.9 GHz (PCS). Over this wide range of 
5 frequencies and output powers, the power control loop (and therefore the LPD) must 

track the envelope fluctuations of the PA output so as to maintain an absolute power 
accuracy dictated by the appropriate governing standard. The shortcoming for the 
LPD in FIG.l is that in order to track the envelope fluctuations (and therefore the 
power) of the PA output signal, each of the components in FIG. 1 must be designed to 

10 operate at the appropriate RF carrier frequency. If the LPD in FIG. 1 is to be used for 

all three bands, it becomes necessary to maintain the required voltage gain within 
each amplifier cell over an extremely wide bandwidth. In addition, the voltage-to- 
current converters 1 6 and the rectifiers 1 5 in FIG. 1 must also be very fast. These 
high gain-bandwidth components can be so stringent that the device must be 

15 fabricated using very expensive semiconductor processes. A need exists for a 

demodulating logarithmic amplifier that is less complex, uses fewer components, and 
that can be manufactured at a lower cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The features of the invention believed to be novel are set forth with 

particularity in the appended claims. The invention itself however, both as to 
organization and method of operation, together with objects and advantages thereof, 
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may be best understood by reference to the following detailed description of the 
invention, which describes certain exemplary embodiments of the invention, taken in 
conjunction with the accompanying drawings in which: 

FIG. 1 is a schematic diagram of a prior art demodulating logarithmic 
5 amplifier. 

FIG. 2 is a schematic diagram of a logarithmic amplifier consistent with 
certain embodiments of the invention, 

FIG. 3 is a flowchart in accordance with a method of certain embodiments of 
the invention. 

10 

DETAILED DESCRIPTION OF INVENTION 
While this invention is susceptible of embodiment in many different forms, 
there is shown in the drawings and will herein be described in detail specific 
embodiments, with the understanding that the present disclosure is to be considered as 

1 5 an example of the principles of the invention and not intended to limit the invention to 

the specific embodiments shown and described. In the description below, like 
reference numerals are used to describe the same, similar or corresponding elements 
in the several views of the drawings. The terms a or an, as used herein, are defined as 
one or more than one. The term plurality, as used herein, is defined as two or more 

20 than two. The term another, as used herein, is defined as at least a second or more. 

The terms including and/or having, as used herein, are defined as comprising (i.e., 
open language). The term coupled, as used herein, is defined as connected, although 
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not necessarily directly, and not necessarily mechanically. 

A demodulating logarithmic amplifier rectifies a radio frequency signal prior 
to amplification through progressive stages. A full wave linear or squaring rectifier 
receives a waveform signal at the input and provides a rectified signal that is 
5 proportional to an envelope or a square of the envelope of the waveform signal at the 

output. The rectified signal is then fed to a series of limiting amplifier stages where 
the signal is progressively amplified. After each individual amplifier stage, the 
partially amplified signal is passed through a voltage-to-current converter to create a 
current signal. All the current signals are subsequently summed to produce an 

10 amplified current output signal. Signal rectification is performed in its entirety before 

the introduction to the successive compression logarithmic amplifier. This mitigates 
the need for high gain bandwidth components, and thus allows product fabrication 
using less expensive semiconductor technologies. 

Referring now to FIG. 2, a schematic diagram of one embodiment of a 

1 5 logarithmic amplifier in accordance with the certain embodiments of the invention 

includes a full wave linear or squaring rectifier 21 that receives a waveform signal 22 
at its input 23 from a radio or cellular telephone or the like. Since the rectifier is the 
first component in the logarithmic amplifier, it must operate over the full dynamic 
range of the system (>50 dB). If the waveform signal 22 is a GMSK waveform, then 

20 the signal output 20 from the rectifier will consist of a direct current (DC) quantity 

with harmonics at multiples of two times the frequency of the waveform signal. The 
rectifier 21 converts the waveform signal 22 into a signal that is proportional to an 
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envelope of the waveform signal, or in the case of a squaring cell, proportional to the 
square of an envelope of the waveform signal. This DC signal is then fed to a number 
of limiting amplifier stages 24 that are coupled to each other in serial fashion, that is, 
the output 25 of a first amplifier 24a is coupled to the input 27 of a second amplifier 
5 24b, the output of the second amplifier is coupled to the input of a third amplifier 24c, 

and so on. In practice, at least two limiting amplifier stages are used, preferably more, 
with the total number of amplifier stages being defined as "N" where N is an integer 
greater than two. At each amplifier stage, the DC voltage signal is amplified by a 
certain amount, within the capability of the individual amplifier, and then the 

10 amplified signal is further amplified by the next amplifier in the chain, through the 

"Nth" amplifier, to create an amplified voltage signal that is much larger than the 
input signal 20. In addition to the limiting amplifier stages 24, the logarithmic 
amplifier includes a plurality of voltage-to-current converter stages 26, which operate 
as transconductance stages or balanced modulators. The number of voltage-to-current 

15 converter stages 26 equals the number of amplifier stages 24. The input of each 

voltage-to-current converter 26a, 26b, . . . 26n is coupled to the output of a 
corresponding amplifier stage 24a, 24b, . . . 24n, and the outputs of each of the 
voltage-to-current converter stages 26 are coupled together on a summing bus 28 to 
form the logarithmic amplifier output 29. An alternate embodiment includes an 

20 additional voltage-to-current converter stage 26' to extend the dynamic range and 

provide for greater accuracy in synthesizing the logarithm function, coupled directly 
to the output 20 of the rectifier 21, and the output of the converter is coupled to the 
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current summing bus 28 to provide an amplified current output signal 29. 

Referring now to FIG. 3, the waveform signal is rectified 32 by a means for 
rectifying such as a linear full wave rectifier or a squaring cell. The rectifier converts 
the full wave signal into a signal that is proportional to an envelope of the full wave 
5 signal, or to the square of the envelope of the full wave signal. The rectified signal is 

then sequentially amplified 34 by a plurality of serially coupled amplifying means 
such as a gain amplifier that operates to amplify the input voltage. Typically, the 
amplifying means amplifies the input voltage with a gain that is constant despite 
temperature changes. After each of the sequential amplifications 34, the partially 

10 amplified signal is then converted 36 from a voltage to a current by a converting 

means coupled to each of the respective amplifying means. All of the current signals 
are then summed up 38 by a means for summing such as a current summing bus to 
provide an amplified current output. 

Unlike prior art devices, the bandwidth of the voltage-to-current converter 

1 5 stages 26 and the limiting amplifier stages 24 is now determined by the settling time 

requirements of the logarithmic amplifier and not by the carrier frequency of the 
waveform signal. In the prior art, amplifier gain bandwidth restrictions were serious 
shortcomings to the architecture, because the aggregate gain of the individual 
amplifier stages determines the dynamic range of the detector. To achieve high 

20 performance in a multi-mode environment, adequate gain must be maintained not 

only at GSM frequencies but also at PCS frequencies. This is not an issue with the 
architecture described in the instant invention because the envelope information of the 
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waveform signal is translated down to baseband. Further, this invention has the 
additional benefit that the 'ripple' in the amplified current output signal 29 is reduced 
when compared to the prior art. This is because the narrow bandwidth gain stages 24 
and the voltage-to-current converter stages 26 will progressively filter out the 
5 harmonic components arising from the process of full-wave rectification. 

In summary, without intending to limit the scope of the invention, a 
logarithmic amplifier according to an apparatus and method consistent with certain 
embodiments of the invention can be carried out by rectifying a waveform signal to a 
DC component and then passing the rectified signal through a chain of limiting 

10 amplifiers. At each amplification stage, the signal is converted from a voltage signal 

to a current signal, and each of the current signals are summed to provide amplified 
current output signal. Because the envelope fluctuations (and therefore the average 
power) output from the PA are independent of the carrier frequency, translating the 
envelope information down to baseband frequencies prior to application of the 

1 5 successive compression amplifier chain provides improvements not realized in the 

prior art. While the invention has been described in conjunction with specific 
embodiments, it is evident that many alternatives, modifications, permutations and 
variations will become apparent to those of ordinary skill in the art in light of the 
foregoing description. Accordingly, it is intended that the present invention embrace 

20 all such alternatives, modifications and variations as fall within the scope of the 

appended claims. 

What is claimed is: 
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